Membrane structure of the human immunodeficiency virus gp41 fusion peptide by molecular dynamics simulation. II. The glycine mutants.
In this work, molecular dynamics (MD) simulation of the interaction of three mutants, G3V, G5V and G10V, of the human immunodeficiency virus (HIV) gp41 16-residue fusion peptide (FP) with an explicit palmitoyloleoylphosphatidyl-ethanolamine (POPE) lipid bilayer was performed. The goals of this work are to study the correlation of the fusogenic activity of the FPs with the mode of their interaction with the bilayer and to examine the roles of the many glycine residues in the FP in the fusion process. The results of this work corroborate the main conclusion of our earlier MD work of the WT FP and several mutants with polar substitution. These two studies provide correlation between the mode of insertion and the fusogenic activity of these peptides and support the hypothesis that an oblique insertion of the fusion domain of the viral protein is required for fusogenic activity. Inactive mutants interact with the bilayer by a surface-binding mode. The results of this work, combined with the results of our earlier work, show that, while the secondary structures of the wild-type FP and its mutants do not affect the fusogenic activities, the conformational flexibility appears to be an important factor. The active WT FP and its partially active mutants, G3V and G5V, all have significant conformational transitions at one of the glycine sites. They occur at Gly(5) in FP-wt, at Gly(10) in FP-G5V and at Gly(13) in FP-G3V. Thus, a glycine site in each of these active (or partially active) FPs provides conformational flexibility. On the other hand, the inactive mutants FP-G10V, FP-L9R and FP-V2E do not have any conformational transitions except at either terminus and thus possess no conformational flexibility. Thus, the results of this work support the suggestion that the role of glycine residues in the fusion domain is to provide the necessary conformational flexibility for fusion activity. The glycines also form a "glycine strip" in the FP that locates on one (the less hydrophobic) face of the helix (the "sided helix"). However, whether this "glycine strip" is disrupted or not does not seem to correlate with the retention of fusogenic activities. Finally, although the FLGFL (8-12) motif is absolutely conserved in the HIV fusion domain, a well-structured motif stabilized by hydrogen bonding does not appear to be required for activity. In fact, hydrogen bonding in this motif was found to be missing in FP-G3V and FP-G5V. Both of these mutants are partially active.